INTRODUCTION
As is well known, polymers are permeable, and permeability is an important characteristic of poly meric materials. Many significant applications of polymeric materials depend upon the permeability, such as barrier, separation, controlled release, dyeing, and so on. For containing and packing materials, low permeability means good barrier property, but this property of many polymers is less effective than desired, especially for non polar solvents. Poly(vinyl alcohol) (PVA) is one of few commercial semi crystal line polymers with low permeability and excellent bar rier property to non polar solvents. Permeability of some PVA materials have been studied for their actual or potential values in application, such as films or blend films for obstructing gases diffusion [1] [2] [3] , organic inorganic hybrid membranes for separating organic mixture [4] , cross linking PVA gel membranes for separating biological solutes [5] , and PE/PVA modified blends films against gasoline fuels [6, 7] . Most of these studies were based on the free volume theory and paid more attention to diffusion coeffi cients and permeation rates. 1 The article is published in the original.
The fundamental reason for the permeability of polymers is their relatively high levels of creep in com parison with ceramics, glasses and metals [8] , so per meation may even be regarded as the results of the relaxation motion of polymer chains. PVA, as most of other polymers, likely has different permeability when its segments have different ability to change confor mation, especially in rubbery state and glassy state, respectively. Generally, the thermal relaxation behav ior of polymer chains depends upon the segmental rotations, which, for PVA, are closely connected with internal hydrogen bonds. PVA has many multi hydroxyl lateral groups, which can further construct supramolecular structure by intramolecular and inter molecular hydrogen bonds. Thus, differing from most other polymers, the relaxation behavior of PVA has close relation with its particular supramolecular struc ture. Intramolecular and intermolecular hydrogen bonds in supramolecular structure of PVA have attracted much attention of researchers, since PVA is a hydrophilic polymer with the simplest structure [9] Abstract-The particular permeability of hydrated poly(vinyl alcohol) (PVA) was investigated from the point of polymeric relaxation behavior, and the more essential effect of hydrogen bonds in supramolecular structure was further analyzed as well. The permeability measurement showed that various hydrated PVA samples all had lower permeability to non polar solvents, and the permeability was affected by relaxation state, which can be controlled by water content. Dynamic mechanical analysis measurements indicated that, in PVA with lower water content the relaxation motion benefiting permeation almost became frozen in glassy amorphous region, due to high activation energy of conformation transition, which then induced the slower permeation to occur. Solid state 1 H and 13 C NMR spectra of hydrated PVA samples allowed to analyze the effect of hydrogen bonds. It was found that in PVA with lower water content conformation transition in amorphous region was restricted by more intermolecular and intramolecular hydrogen bonds, especially by the former. Also relatively added crystalline regions, which can affect permeability as physical cross linking points, were mainly constructed by chain segments with no intramolecular hydrogen bonds. Above results suggest that intermolecular and intramolecular hydrogen bonds via conformation transition control relaxation behavior. Consequently, the relaxation behavior affects the permeability of hydrated PVA, in which water play an important role. Many researches mentioned in their studies that the permeability of PVA was related to the intermolec ular and intramolecular hydrogen bonds in supramo lecular structure, but how the hydrogen bonds affect PVA permeability has not been investigated in details. In addition, hydrogen bonds of PVA were studied by solid state NMR by many researchers, whose research contents did not involve the macroscopic permeability of PVA. Generally, in previous studies, the relaxation states of PVA samples were all controlled by testing temperature [17, 19, 21] . Whereas, as a water soluble polymer, the relaxation state of PVA also can be con trolled by the degree of hydration (the degree of swell ing with water). And this characteristic will make it possible that the permeability of various relaxation states samples can be tested at room temperature, avoiding the effect of higher temperatures on the activity of permeants. The corresponding NMR test also can be performed at room temperature, avoiding the effect of higher temperatures on the hydrogen bonds with temperature sensitivity as well. Now, PVA containers obtained by novel thermal processing method can offer feasible testing samples [24] , which make it possible that the permeation rate of PVA can be easily obtained by simple weight loss method. In particular, the permeability of a container with single PVA has not been reported for the difficulty of PVA thermal processing, since the melting point of PVA was close to its thermal decomposition temperature.
In this paper, we studied the permeability of PVA in different relaxation states by bottle samples with dif ferent degrees of hydration, and the effects of relax ation behavior on them were analyzed by means of DMA as well. To further understand the permeability of PVA, solid state 1 H and 13 C NMR were introduced to investigate the intramolecular and intermolecular hydrogen bonds in amorphous region and crystalline region of PVA in different relaxation states, respec tively. The main objective of above research is to understand the permeability characteristic of PVA well from the relaxation behavior of polymer chains and the evolution of hydrogen bonds in supramolecular structure.
EXPERIMENTAL
Materials PVA 1799 (GB12010 89, degree of polymerization 1750, hydrolysis degree 99%) was provided by the Sichuan Vinylon Factory, SINOPEC (China). Sam ples were washed several times with deionized water until pH 7 was attained, and were dried to constant weight. Deionized water was used throughout the experiments.
Sample Preparation
Deionized water was added into dried PVA powder, and then the mixtures were stored in a sealed container at ambient temperature until the deionized water had permeated well. The prepared mixtures were plasti cized and blow molded into bottles with a capacity of about 500 mL and a wall thickness of 1.0 mm.
Bottles were stored in sealed glass containers with different levels of relative humidity (RH) at 23°C for 28 days to obtain test bottles with various water con tents balancing to storage conditions. The exact RH values of storage conditions were controlled by various saturated salt solutions: saturated aqueous solution of LiCl (RH = 11%), MgCl 2 (RH = 33%), KBr (RH = 58%), NaCl (RH = 75%) [25, 26] . Besides, storage conditions with RH = 0% is controlled by P 2 O 5 , and storage conditions with RH = 100% is controlled by pure water. The test bottles were named as B 0 , B 11 , B 33 , B 58 , B 75 and B 100 , respectively. These salts and P 2 O 5 were analytically pure reagents.
Characterization
Permeability of PVA with different water contents was tested by weighting the mass loss of sealed test bot tles filled with solvent. These test bottles were stored in previous glass containers with different RH at 23°C for 28 days. During storage, the glass containers were not absolutely sealed and a slit near lid was left to permit slow gas exchange to occur between inner and outside of the containers. The slit can avoid the accumulation of permeated solvents in containers, at same time it will not affect the stationary RH due to a mass of sat urated salt solutions at the bottom of the containers. Three parallel sample bottles were taken out for weigh ing at regular intervals and the permeation rates with test error were obtained. The filled permeants were octane, xylene and methanol, respectively.
The crystallinity and water content of hydrated PVA were tested using DSC (NETZSCH DSC 204). Slices of the above bottles with total weight of 5-7 mg were weighed and sealed in aluminium pans, which had been pretreated in boiling water and dried before use. The pans were heated from ambient temperature to 245°C at a rate of 10 deg/min. The evaporation heat of water and the melting heat of crystalline PVA were obtained by integrating the respective peaks. The
